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We observed the center of the supernova remnant Vela 
Jr in radio continuum in order to search for a counterpart 
to the compact central X-ray source CXOU J085201.4- 
461753, possibly a neutron star candidate which could 
be the remnant of the supernova explosion. Observations 
were made with the Australia Telescope Compact Array 
at 13 and 20 cm. Spectral indices were obtained using 
flux density correlations of the data which were spatially 
filtered to have the same u-v coverage. A multiwave¬ 
length search for counterparts to the compact central X- 
ray source was made. We compiled a new catalogue of 
31 small diameter radio sources, including the previously 
known source PMN J0853-4620, listing the integrated flux 
densities at 20 cm and, for half of the sources, the flux 
densities at 13 cm with the corresponding spectral in¬ 
dices. All sources are unresolved at the present angular 
resolution except for Source 18, which is clearly elongated 
and lies strikingly close to CXOU J085201.4-461753. Our 
observations show no evidence for the existence of a pul¬ 
sar wind driven nebula associated with the point X-ray 
source. Furthermore, Source 18 has a thermal spectrum 
with index a = -1-0.8 ± 0.4 (S oc i/“), and appears to be 
the counterpart of the optical source Wray 16-30. In spite 
of the absence of [O ill] emission lines as reported in the 
literature, we find that this object could be explained as a 
low emission planetary nebula belonging to the “butterfly” 
morphological class. We conclude that if the radio source 
18 is actually a planetary nebula, then CXOU J085201.4- 
461753 is more likely to be related to it rather than to 
Vela Jr. 

Key words. ISM: supernova remnants - supernova rem¬ 
nants: individual: Vela Jr - planetary nebula: individual: 
Ve 2-27 - stars: individual: Wray 16-30 - X-rays: individ¬ 
ual: CXOU J085201.4-461753 - catalogues 
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Abstract. 


1. Introduction 

Rotation powered pulsars can lose their energy in the 
form of a wind of electrons and positrons, creating a syn¬ 
chrotron emitting nebula or plerion, generally called a 
“pulsar wind nebula” (PWN). In the last few years, new 
data with unprecedented spatial resolution have revealed 
that PWNe are highly structured objects which can fall 
into a variety of morphological classes depending on the 
properties and evolut i onary state of the pulsar and its sur¬ 
roundings llGaensleil 1200411 . The morphology of a PWN 
depends on how the wind particles are confined. Therefore, 
the study of PWNe are of particular interest since their 
properties can provide information on both, the pulsar’s 
wind and the surrounding interstellar medium. 

In some cases, neutron stars (NS) are not detected as 
ordinary radio pulsars. Several X-ray sources with no ra¬ 
dio counterpart and very high X-ray to optical flux ratios 
have been detected projected on the interior of supernova 
remnants (SNR). These sources , generally called “ com- 
pact central objects” (CCO; see IPavlov et al.L 12001 ), are 
believed to be NS with peculiar charac teristics (e.g. IrrailL 
llQQSHGeppert. Page fc Zanniasl [199911 . or simply normal 
pulsa rs with unfavorable beaming l|Brazier fc .lohnstonL 
In recent papers, we have reported the results of an 
HI and radio continuum survey towards candidate NSs 
to search for their imprints in the interstellar medium and 
confir m or reject their physical association with the hos t 
SNR l|R.evnoso et all l2003l l2004at iGiacani et Zl l2005ll. 
In this paper we analyze another CCO-SNR possible as- 


Send offprint requests to: E. Reynoso 

* Member of the Carrera del Investigador Cientffico, 
CONICET, Argentina. 


sedation: the X-ray source CXOU J085201.4-461753 and 
the SNR Vela Jr. 

Vela Jr (G266.1-1.2, RX J0852.0-4622) is a shell-like 
SNR, about 2° in d iameter, first discovered with ROSAT 
I Aschenbachl llQQi^ . The name “Vela Jr” is due to its po¬ 
sition at the south-east corner of the Vela SNR, and to a 
possible age of ~ 700 yr based on the dete ction of y-ray 
emiss ion from the radioactive isotope '^^Ti l|lviidin et all 
Il998h . However, subsequent observations show that this 
source is likely to be older and ten times more distan t 
(2 kpc) than was originally believ ed jSlane et al.Ll200l]l. 
ICombi. Romero fc Benaglia lll999^ reporte d a radio coun¬ 
terpar t based on the 2.42 GHz survey of iDu ncan et 
(UmI. More recently, iDuncan fc GreenI ll200(lll find that 
several features believed to be extensions to the radio 
shell are actually unrelated to Vela Jr. A detection with 
H.E.S.S. of TeV y-ray extended emission, whose spatial 
distribution correlates with the X-ray observa tions, has 
recently been reported llAharonian et al l l2005l) . 



BeppoSAX observations. This point-like source is named 
slightly differently according to the different authors and 
has independent entries listed in SIMBAD. Most fre¬ 
quently, it is referred to by its Chandra identification 
CXOU J085201.4-461753. Due to its location, this X-ray 
source is believed to be the NS remaining after the super¬ 
nova explosion. This identification of CXOU J085201.4- 
461753 as a NS appears to be supported by th e very high 
X-ray-to-optical flux ratio jPavlov et al.L l200lll . Although 
the distance to CXOU J085201.4-461753 is poorly known. 
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if it is located at 2 kpc the emission region and lu- 
minosity are similar to the CCO det ected in Cas A. 
IPellizzoni. Mereghetti fc De Lucal ll2002h found a faint Ha 
nebula at a position compatible with CXOU J085201.4- 
461753, which co uld be explained as a bow shock driven 
by a NS. However . llvudin et alJ l|200,5|l claim that the very 
high ejecta velocity derived for Ti implies that the SN was 
of type la, in which case no compact remnant is expected. 
The nature of CXOU J085201.4-461753 thus remains un- 
cer tain. 

iR.evnoso et al ] ll2nn4ljl observed a ~ 30' diameter 
field towards CXOU J085201.4-461753 with the Australia 
Telescope Compact Array^ (ATCA; Frater, Brooks & 
Whiteoak 1992) in the A21 cm line and at 20 cm in the ra¬ 
dio continuum. The observations revealed a compact con¬ 
tinuum source and an elongated region (30' x 14') of en¬ 
hanced emission at the position of the X-ray source. If 
confirmed, this could be a PWN and would be good ev¬ 
idence that the compact X-ray source is a neutron star. 
However, this enhancement is only marginally above the 
noise level of the image (less than 3cr rms), making the 
detection of the nebula doubtful. In this paper, we an¬ 
alyze new observations of the central region of Vela Jr 
performed at 13 and 20 cm, which confirm the detection 
of the compact source. A new interpretation of the source 
origin is presented. 

2. Observations and data reduction 

The new observations were obtained with the ATCA, 
the 22-m six antenna array located in Narrabri, NSW, 
Australia. To optimize the u — v coverage, the observa¬ 
tions were carried out in 2004 during two sessions of 12 
hours each, on February 19 in the 750A array configura¬ 
tion and on April 9 in the EW367 configuration. In these 
two configurations, the antennas are aligned in the EW 
direction, and the baseline lengths given by the five mov¬ 
able antennas vary from 30 to 735 m. The shortest base¬ 
line and the weighting scheme used set an upper limit for 
the size of well imaged structures, estimated to be ~ 35' 
at 20 cm and ^ 24' at 13 cm, although mosaicing helps 
to partially recover short spacings and thus increase these 
limits. The inclusion of the sixth antenna, fixed in location 
3 km away from the remainder of the array, increases the 
u — v coverage by the addition of baselines from ^ 3000 to 
4440 m. The observations were made in continuum mode, 
which allows the simultaneous measurement of two fre¬ 
quency bands, centred on 1384 MHz and 2368 MHz, each 
with a correlator bandwidth of 128 MHz. 

The dimensions of t he reg ion of enhanced emission 
found in iR.evuoso et ID il2nn4hli . required that the obser¬ 
vations be made in mosaicing mode with six pointings 
on a hexagonal grid chosen to preserve Nyquist sampling. 
A seventh pointing was observed regularly towards the 

^ The ATCA is part of the Australia Telescope, which is 
funded by the Commonwealth of Australia for operation as a 
National Facility managed by CSIRO 


bright Hii region RCW 38, located ~ 2° away, to as¬ 
sist modelling of the sidelobes from this source in the 
data reduction. The source PKS 0823-500 was observed 
once per hour to calibrate the phases, while PKS 1934- 
638 was used for flux density and bandpass calibration. 
Each pointing of the mosaic was reduced individually with 
the M IRIAD software package llSault. Teuben fc WrightL 
[HU), and the resulting images were combined as a mo¬ 
saic using the MIRIAD task LINMOS, which automati¬ 
cally applies a primary beam correction. The 13 cm im¬ 
ages were improved by restricting the uvrange to less than 
18 kA. The spatial resolution of the finished datasets is 
37'.'4 X 31'.'7, at position angle (P.A.) = —3?4 for the 20 
cm image, and 36'.'5 x 26'.'3, at P.A. = —1?7 for the 13 
cm image. The sensitivities achieved are 0.2 and 0.1 mJy 
beam“^ respectively. 

3. Results 

Figure 1 shows the emission at 20 cm in the central region 
of Vela Jr. A number of compact sources can be seen in 
the field, together with several filaments of faint emission. 
Some of the extended emission is confused by sidelobes 
from RCW 38 that could not be removed. To analyze to 
what extent the extended emission in Fig. 1 is reliable, 
four contour levels have been plotted on the grayscale im¬ 
age at 2(7 intervals, starting from 2cr. Most of the emis¬ 
sion appears to be of very low significance, except for the 
filament that extends from decl.~ —46°15' to —46°40', 
at R.A.~ 8*'50™15®. The sidelobes around this feature 
are indicative that strong emission is present. Other fea¬ 
tures that appear genuine are those centered at about 
R.A. = 8‘'49“50", decl.= -46°8' and R.A.= 8^51“40", 
decl.= —46°40' and possibly a second filament parallel to 
the brightest one, at R.A.~ 8*'48™40®. The apparent cur¬ 
vature to the west of the bright filaments detected on the 
western half of the image suggests a probable connection 
with the extended Vela SNR. 

At 13 cm, the extended emission, if any, cannot be dis¬ 
entangled from the background noise level, but half of the 
co mpact sources s till app ear. The small source reported 
in iRevnoso et~aD ll2004bt) at a position compatible with 
CXOU J085201.4-461753 appears at both frequencies as 
a small, faint, elliptical feature. In contrast with other 
similar features in the field, this source is resolved. After 
deconvolution, it has a size of about 130" x 50" at a posi¬ 
tion angle (measured from N to E) of 170° at 20 cm, and 
50" X 15" at a position angle of 150° at 13 cm. Eigure 2 
shows a close up of a region around this source at 20 cm. 
The symbols correspond to the sources listed in Section 
3.2. 

3.1. Small-diameter sources in the field 

To investigate the nature of the compact sources appear¬ 
ing in the field, we estimated their positions and fluxes 
at both frequencies and calculated the spectral index be¬ 
tween 13 and 20 cm where possible. The results are sum- 
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Fig. 1. Radio continuum image of G266.1-1.2 at 1384 MHz. The grayscaie is given on top of the image in mJy beam 
The contours are plotted at 2a, 4a, 6a, and Scr, where a = 0.3 mJy beam“^. The numbers correspond to the compact 
sources listed in Tabled The beam is plotted at the bottom left corner. 


marized in Table ^ The coordinates were obtained from 
a Gaussian fit to the flux density peak. When necessary, 
fluxes were corrected for contamination from background 
extended emission; this effect is more significant at 20 cm. 
The spectral indices were derived for each source from 
the comparison of the two images using the f l ux-flu x plot¬ 
ting technique dGostainl Il960t IWirtle et af] . Il962ll . This 
method compares the flux densities at two frequencies 
within a selected region of the sky for which the data 
have been spatially filtered for the same u — v coverage. A 
linear fit to the plot gives a measure of the spectral index. 
This method is useful because it is unaffected by absolute 
calibration and offset variations between the images. 

To apply the flux-flux plots method, the image at 
13 cm was convolved to the 20 cm beam size. To allow 
for poor correlation coefhcients, the regression was done 
twice, by plotting data at 13 cm vs. 20 cm and vice versa. 
The spectral indices shown are the average of both esti¬ 
mates. The correlation coefficient was nearly one for al¬ 
most all the sources. The quoted errors include a con¬ 
tribution from the intrinsic flux density errors plus the 
statistical error from the linear regression. Estimates were 
made only for sources with a flux density > 1 mJy beam“^ 
that were at least 3cr above the image noise level. As an 


example, flux-flux plots for two representative sources (18 
and 26) are shown in Figure 3. 

For sources 14 and 19, we do not list the spectral in¬ 
dices because they lie very close to the boundary of the 
calibrated image at 13 cm, and their flux densities are 
incompletely recovered, which produces unrealistic values 
for the spectral index. 

After searching the available published radio catalogs, 
we find that the only compact source previously identi¬ 
fied in this field is number 26 in Table [J list ed in the 
Parkes-MIT-NRAO Survey ilWright et aLrll9*931 as PMN 
J0853-4620, with a flux density of 151 mJy at 4.85 GHz. 
The spectral index derived for this source, including the 
PMN data, yields exactly the same result as using the 
flux-flux plot, giving us confidence in the reliability of the 
technique. 

The region observed for this paper has been par¬ 
tially imaged in the Molonglo Synthesis Telescope Galactic 
Plane Survey at 843 MHz with sub arcmin resolution 
(Green et al. 1999). The sources and extended structures 
are consistent with the present data. Tw o images have also 
been published by IStuoar et alJ ll200,5tl at 13 and 20 cm, 
which are less sensitive but in broad agreement. 
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Fig. 2. Close up of a ^ 4' X 4' region around Source 18 
(Table nj at 1384 MHz. The beam is plotted at the bot¬ 
tom left corner. The symbols are as follows: circle, Wray 
16-30; star, HD 76060; triangle, J085203-461836; square, 
AX J0851.9-4617; inverted triangle, J085201-461814; plus 
sign, CXOU J085201.4-461753; diamond, EQ J0852-4617; 
and crosses, MSX G266.2348-01.2004 and IRAS 0852- 
4606. The numbers correspond to the sources listed in 
Table [21 
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Table 1. Small-diamter sources in the field 



RA (J2000) 
h m s 

Dec. (J2000) 

0 / // 

Sl3cm 

(mJy) 

S20cm 

(mJy) 

Spectral 

index 

1 

08 48 16.2 

-46 14 11 


8.4 


2 

08 48 20.9 

-46 36 57 


2.0 


3 

08 48 26.5 

-46 31 35 


2.8 


4 

08 48 36.0 

-46 21 22 


6.7 


5 

08 48 40.4 

-46 04 58 


2.8 


6 

08 49 42.7 

-46 48 36 


20 


7 

08 49 42.8 

-46 27 19 

28 

49 

-0.98T0.04 

8 

08 50 16.8 

-46 19 22 

1.8 

2.1 

-0.35T0.10 

9 

08 50 29.9 

-46 28 17 

4.2 

5.0 

-0.6T0.2 

10 

08 50 48.2 

-46 18 54 

8.3 

15 

-1.2T0.1 

11 

08 51 01.4 

-46 16 43 

33 

31 

0.21T0.02 

12 

08 51 07.1 

-46 26 30 

3.5 

3.2 

0.12T0.13 

13 

08 51 10.4 

-46 16 17 

4.9 

8.0 

-0.7T0.2 

14 

08 51 23.6 

-46 43 43 

2.3 

16 


15 

08 51 41.0 

-46 36 51 


4.6 


16 

08 51 56.8 

-45 49 37 


7.1 


17 

08 51 58.1 

-46 25 35 

3.6 

3.1 

0.23T0.07 

18 

08 51 58.9 

-46 17 52 

3.4 

2.4 

0.8T0.4 

19 

08 52 07.3 

-46 01 16 

2.7 

19 


20 

08 52 15.1 

-46 08 48 

9.7 

8.1 

0.35T0.01 

21 

08 52 39.5 

-46 30 30 

10 

18 

-0.95T0.07 

22 

08 52 40.1 

-46 25 07 

12 

17 

-0.54T0.05 

23 

08 52 54.1 

-46 21 42 

23 

39 

-0.92T0.04 

24 

08 53 14.6 

-46 29 36 

2.1 

3.9 

-1.1T0.3 

25 

08 53 17.1 

-46 06 59 


2.8 


26 

08 53 31.9 

-46 19 59 

192 

226 

-0.34T0.02 

27 

08 53 54.7 

-46 06 21 


3.8 


28 

08 53 55.6 

-46 02 15 


7.4 


29 

08 54 12.6 

-46 38 45 


7.1 


30 

08 54 36.9 

-46 04 38 


13 


31 

08 54 54.6 

-46 13 38 
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^20 [mJy/beam] 

Fig. 3. Flux-flux plots for sources 18 (right) and 26 (left), 
where the flux density at 13 cm is plotted against the flux 
density at 20 cm. Units are mJy beam“^. 


About half of the sources for which spectral indices 
have been computed appear to be extragalactic objects 
(a more negative than —0.9). The remaining sources have 
spectral indices comprised between ~ —0.7 and -1-0.8. 
Source 18 is the only resolved source and is the target of 
our interest because of its proximity to CXOU J085201.4- 
461753. It has the highest positive spectral index in the 
field and we now discuss the possible origin of the emission 
associated with this source. 

3.2. Multi-wavelength data possibly related to the 
central source 

We have searched in the SIMBAD Astronomical Database 
for sources of all categories located at or close to the posi¬ 
tion of the radio nebula. Source 18. At least five X-ray 
sources, four optical objects and one radio source, are 
listed within a V radius circle centered at the position 


08^52™006.0, —46°17'54". However, there are inconsisten¬ 
cies and possible duplications in the classifications from 
the published data. In an attempt to clarify the nomen¬ 
clature we have listed in Table (21 the catalogued objects 
with their original names and positions as published by 
the respective authors, following in more or less historical 
order. We have excluded those sources labeled in SIMBAD 
as SNR RXJ 0852.0-4622, GRO J0852-4642, and [CRB99] 
A, which correspond to the X-ray, y-ray, and radio mani¬ 
festations of the SNR Vela Jr. A summary of these findings 

follows. _ 

(1) Wray 16-30 was originally listed bv lWravl lll966h as 
a Be star, with coordinates accurate to about ±15". This 
source is also listed in the SIMBAD database as Ve 2-27, 
an object originally classified as a pl a netary nebula (PN) 
with star-like appearance bv IVelgh3 lll957ll. and later as 
a pec uliar Be star with infrared excess TAllen fc ClassL 
ElB- In the Strasbourg-E SO Catalogue of Planetary 
Nebulae ll Acker et al.L Il992h. it is classified as a p ecu- 


__ Pe 

liar emission-line source fsee llja.ndaberrv et a.l .Il20flll for a 
summary of the successive classihcat ions of this emission¬ 
line obiectb lLandaberry et al.l l 200lll find that Ve 2-27 (or 
Wray 16-30) is a peculiar emission-line star with a spec¬ 
trum remarkably similar to that of the Luminous Blue 
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Variable object rj Carinae, but with an unclear evolution¬ 
ary status. However, according to the spectral study car¬ 
ried out by iLandaberrv et alJ ll200 jl . it is still possible 
to explain the observed spectrum as originating from a 
proto-planetary nebula. 

(2) HD 76060 is catalogued in the Hipparcos Catalogue 
as a bright (B=7™.8) B8IV/V star. 

(3) [AIS99] J0825203-461836 refers to a point-like 
source discovered in the ROSAT all sky survey data by 
lAschenbach et a, hi ill 99lil . It is about 3'.4 offset from the 
center of Vela Jr. A second point-like X-ray source is re¬ 
ported near 08^51™58®, —46°21'33". The authors discuss 
the possiblity that one of these sources could be a neutron 
star. However, since no spectra were available at that time, 
the analysis was incomplete. 

(4) AX J0851.9-4617 was detected with ASCA as an 
unresolved X-ray source surrounded by diffuse emission 
and located near the center of SNR RXJ 0852.0-4622 
jSlane et al.Ll200ljl. According to the authors, the prop¬ 
erties of the source are not well determined but appear to 
be consistent with a neutron star surrounded by a syn¬ 
chrotron nebula, although an association with one of two 
stars located within the positional error circle is also pos¬ 
sible. 

(5) [M2 0 01b] J 085201-461814 is the X-ray source that 
iMereghettil l)200lll reported to be at the center of the 
SNR RX J0852.0-4622. It should be noted that at en¬ 
ergies E> 5 keV a new source was detected, indentified 
as SAX J0852.0-4617, which has a harder X-ray spectrum 
and higher X-ray-to-optical flux ratio than was measured 
for the original neutron star candidate AX J0851.9-4617. 
This new source is a more likely candidate for the central 
neutron star. 

(6) CXOU J085201.4-461753 is a point X-ray source 
discovered with the Advanced CCD Imaging Spectrometer 
detector aboard Chandra. The source lies a bout 4' north 
of the center of the SNR RXJ 0852.0-4622. IPavlov et all 
(l2nnih proposed that it is the compact remnant of the SN 
explosion. 

(7) EQ J0852-4617 is a faint (B~ 19™) star reported 
bv IPavlov et al ]|2oml). It was discovered in a search for an 
optical counterpart to the point-like X-ray source CXOU 
J085201.4-461753, although it has now been rejected as 
such. It is offset by about 2".4 from the nominal X-ray 
position. 

We have also looked for an infrared counterpart in im¬ 
ages from the Two Micron All Sky Su rvey (2MASS), th e 
JVISX6C Infrared Point Source Catalog l ll997l) . 

and the IRAS Sky Survey Atlas in the bands 1.25 (J), 1.65 
(H), 2.17 (K), 8.28 (A), 12.13 (C), 14.65 (D), 21.3 (E), 12, 
25, 60, and 100 /rm. In all three surveys, an unresolved 
source is found at the position of Source 18. The infrared 
sources included in the MSX and IRAS catalogues are 
listed in Tabled as numbers 8 and 9 and are plotted as 
crosses in Fig. 2. 


4. Discussion 

4.1. The nature of Source 18 

Source 18 is a resolved source in the field with the ap¬ 
pearance of a small, elliptical nebula. In spite of its 
proximity to CXOU J085201.4-461753, their relationship 
is not clear. The area subtended by Source 18 at 20 
cm, after beam deconvolution, marginally encloses CXOU 
J085201.4-461753, which lies 26" away from the radio 
emission peak. At 13 cm, CXOU J085201.4-461753 is well 
separated from the radio emission. The spectral index de¬ 
rived for Source 18 is strongly thermal, which makes it un¬ 
likely to be a PWN created by CXOU J085201.4-461753. 
The existence of infrared counterparts reinforces the in¬ 
terpretation of Source 18 as a thermal source. 

I Wright fc Barlow! lll974jl showed that an ionized, uni¬ 
form, spherically symmetric mass loss flow leads to a spec¬ 
trum with an index equal to 0.6 in the radio and infrared 
regimes. For example, the radio star P Cygni has a spec¬ 
tral index of 0.65. Within the uncertainties, the spectral 
index derived for Source 18 is the same. Similar values 
have also been found for other radio stars. Therefore, 
Source 18 is probably an object with significant mass 
loss. The [12]-[25] and [25]-[60] color indices of this ob¬ 
ject, as derived from the fluxes listed for IRAS 08502- 
4606, are 0.12 and 0.27 respecti vely. These values place 
Sourc e 18 in the region VIb of the Ivan der Veen fc Habin3 
lll988l) two-color scheme, which corresponds to objects 
with separate hot and cold dust components indicating 
that th e mass loss process has been significantly inter¬ 
rupted. Ivan der Veen fc Habingl ljl988jl conclude that ob¬ 
jects in the VIb region are variable stars of which a small 
number have hot oxygen-rich material distributed sepa¬ 
rately from their cold dust component. 

In optical images, Source 18 lies at the same location as 
Wray 16-30. Figure 4 shows the red ESO/ R/MAMA image 
(dow nloaded from the Aladin Sky Atlas: iBonnarel et al.L 
l200fi) . centered on Vela Jr, with radio continuum contours 
at 13 cm corresponding to Source 18 superimposed. The 
black star (pointed by an arrow) indicates the location of 
CXOU J085201.4-461753, while the white crosses corre¬ 
spond to the infrared peaks (according to the IRAS and 
MSX catalogues). In optical emission, Wray 16-30 appears 
complex, with two bright lobes symmetrically located on 
either side of a fainter linear filament with a NE-SW ori¬ 
entation. T he whole structure is particularly bright in the 
Ha line (cf. lPellizzoni. Mereghetti fc De LucaLl2f)02^ . The 
IR peaks lie on the brightest of the two lobes. The two 
lobes are enclosed within Source 18, with the jet-like axis 
of the optical nebula oriented orthogonally to the major 
axis of the radio nebula. The optical axis runs across the 
radio emission peak. We strongly believe that Source 18 
is the radio counterpart of Wray 16-30. Higher resolution 
images would be very valuable to investigate the morphol¬ 
ogy at radio wavelengths in more detail. 

The optical morphology of Wray 16-30 resem¬ 
bles that of “butterfly” planetary nebulae (e.g. 
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Table 2. Multi-wavelength detections near Source 18 


Number 

Identifier 

RA (J2000) 
h m s 

Dec. 

0 / 

(J2000) 

// 

Other names 

References 

1 

Wray 16-30 

08 51 59.5 

-46 

18 05 

ESO 260-PNll, Hen 2-14, 

Ve 2-27, PK 266-01 1, SS73 11 

1,2,3 

2 

HD 76060 

08 52 02.45 

-46 

17 19.8 


4 

3 

[AIS99] J085203-461836 

08 52 03 

-46 

18 36 


5 

4 

AX J0851.9-4617 

08 51 57 

-46 

17.4 


6 

5 

[M2001b] J085201-461814 

08 52 01 

-46 

18 14 


7 

6 

CXOU J085201.4-461753 

08 52 01.4 

-46 

17 53 


8 

7 

EQ J0852-4617 

08 52 01.17 

-46 

17 52.3 


8 

8 

MSX G266.2348-01.2004 

08 51 59.8 

-46 

18 8.28 


9 

9 

IRAS 08502-4606 

08 51 59.5 

-46 

18 4.68 


10 


References: (1') IVel£>-hFl 

19571: l'2'l iT.anHaherrv et al 

I 2 OOII and references therein: (S'! IWravlll (4) HiDparcos Cataloeue. 

IPerrvman et alJll997l: f5l 

Aschenbach et al.lll999l: ffil 

Slane et al.ll200ll: ('7llMereBhettll200ll: ('8llPavlov et al.| 200l|: f91 MSX6C 


Infrared Point Source Catalog et alJll997t (10) IRAS Point Source Catalogue 


o 

o 

o 

CM 


o 

I- 

< 


O 

in 

Q 


08 52 10 05 00 51 55 50 

RIGHT ASCENSION (J2000) 

Fig. 4. Red ESO/R/MAMA image of the center of Vela 
Jr. The black star (pointed by an arrow) shows the po¬ 
sition of CXOU J085201.4-461753, while the two white 
crosses indicate the IR source IRAS 0852-4606 as given in 
the MSX and IRAS catalogues. A few radio contours at 
13 cm are included, which correspond to Source 18 (see 
Table ^1. 



licke. Preston fc Balickl llQQOl and references therein). 
However, there is no agreement in the literature on the 
classification of Wray 16-30. As summarized in Section 
3, references interpreting it as a peculiar PN or rejecting 
it as such are found almost equally. The problem arises 
from the absence o f [O il l] emission lines. For example, 
IStenholin fc Ackeil lll987ll strictly reject as PNe those 
objects for which the ratio /[O iii]//(H/3) = 0. Conversely, 
iKohoiite^ 1 I 2 OOIII classifies them as PNe of excitation 
class 0 (corresponding t o very -low-excitation objects, 
ISandulcak fc Steohensonl llQTjfl . provided additional 
indicative evidence is found. In Source 18, such evidence 
could be the elliptical morphology, the non-stellar size, 
and the thermal radio continuum spectrum, typical of 
the vast majority of PNe (although non-thermal spectra 


are seen in some cases; e.g. Ilsa.acmajl ll 98l|j . The low 
excitation cl ass contains obje cts which are evolving into 
typical PNe llKohoutekl l200lh . 

If Source 18 (or Wray 16-30) is indeed a PN, a physi¬ 
cal association with CXOU J085201.4-461753 still cannot 
be ruled out. X-ray emi ssion has been detected towards 
sever al “butterfly” PNe l |Fgibelma,nl. ll 994lKa,stner et a,ll 
HHol. IWi]1ja,ms et abl l)2flfl4lj found many X-ray sources 
strikingly close to PNe in M31. Although the X-rays are 
not coming from the PN themselves (they lie several arc- 
seconds away), the authors conclude that there is a phys¬ 
ical connection between them, and suggest that these as¬ 
sociations may involve a PN and a low-mass X-ray binary 
occupying the same undetected star cluster. If this is the 
case, then CXOU J085201.4-461753 would not be the neu¬ 
tron star associated with Vela Ji\ in acc ordance with the 
recent suggestion by llvudin et alJ l|2005lj . 

To further investigate a possible link between the 
PN and the X-ray source, we check to see if the dis¬ 
tance to b oth sources are similar b ased on their extinc¬ 
tion va.lues. lljaudaberrv et 71 1129911) estimated the colour 
excess of Wray 16-39 to be E{B — V) = 0.93 ± 0.45 
mag. The reddening to CXOU J085201.4-461753 can 
be derived from the H i column density which, based 
on XMM -Newton observations, is Nh = (3.7 — 4.3) x 
10^^ 2 l|Becker fc Aschenbacbi l2002ll . Us ing the ratio 
Nh/A . j = (5.6 ± 0.4) x 10^^ 2 mag”^ llVuong et all 
l2003h and the standard values Ay/Aj = 3.31 and R = 


Av/E{B — V) =3.1 for diffuse dust (e.g. iMathisL llOOfill . 
the colour excess of CXOU J085201.4-461753 turns out 
to be 0.7 6 ± 0.12 ma g . To a pply the reddening-distance 
model of IChen et~al ] ll1999^ , we first estimated the to¬ 
tal reddening in the direction of CXOU J085201.4-461753 
produced by t he Galactic Plane along the l i ne of sight 
to be 2.15 mag i Schlegel. Finkbeiner fc DavisLll99(jl . The 
derived distances to Wray 16-30 and CXOU J085201.4- 
461753 are thus 3.0±i;5 kpc and 2.4±0.4 kpc respectively. 
Therefore, considering the uncertainties, it is possible that 
both sources lie at the same distance. 
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4.2. Is there a PWN associated with CXOU 
J085201.4-461753? 

An alternative way to test if CXOU J085201.4-461753 is 
a neutron star is by searching for the radio counterpart 
corresponding to a PWN. Although no conclusions can be 
drawn from a negative result, a positive PWN detection 
is a strong indication that the powering source must be a 
neutron star. 

Two radio features were suggested by iRevnoso et al.1 
ll2004bll as a possible PWN blown by CXOU J085201.4- 
461753. One of them was Source 18. From the discussion 
above, it is clear that this interpretation is unlikely. The 
other candidate was a 30' long nebulosity. The new obser¬ 
vations presented here reveal that this feature is, in fact, 
an artifact due to poor u — v coverage in the interfero¬ 
metric radio data. 

In Fig. 1, CXOU J085201.4-461753 lies on a local en¬ 
hancement of diffuse emission. This region is not larger 
than a few arcmin in diameter and its emission never ex¬ 
ceeds the 3(7 level, making it very difficult to establish 
its significance unambiguously. The integrated flux den¬ 
sity of this feature using a boundary set rather subjec¬ 
tively is 76 mJy at 20 cm. If this feature were the PWN 
driven by CXOU J085201.4-461753, then it would be char- 
acterized by a flat no n-thermal spectrum (see for example 
ICiacani et al.L l200l|l . Assuming a spectral index flatter 
than —0.3, then the mean flux density at 13 cm over the 
same region (and with the same spatial filtering) should 
be > 4 mJy beam“^. However, the measured flux density 
at this wavelength is only ~ 1 mJy beam“^. Therefore, ei¬ 
ther the central emission at 20 cm is not a genuine source 
or it has a spectrum steeper than the expected model. In 
either case, no PWN is indicated. 


5. Conclusions 

We have made a high resolution, high sensitivity image 
of the center of the SNR Vela Jr at 13 and 20 cm. The 
aim of the project was to detect a radio counterpart to 
the X-ray source CXOU J085201.4-461753, a neutron star 
candidate for the compact remnant of the SN explosion. 
There is no evidence for the existence of a PWN asso¬ 
ciated with CXOU J085201.4-461753. The closest radio 
feature detected is a compact source of thermal origin, 
named Source 18 in this paper, which appears to be the 
counterpart of the optical source Wray 16-30 detected also 
at infrared wavelengths as IRAS 08502-4606. In spite of 
the lack of [O iii] emission lines, we believe there is good 
evidence that Wray 16-30 is a PN, probably belonging to 
the morphological class known as “butterfly” PNe. If so, it 
is also possible that CXOU J085201.4-461753 is physically 
associated with it. In that case, CXOU J085201.4-461753 
would then not be the CCO of SNR Vela Jr. This inter¬ 
pretation is strengthened by the radio frequency results 
presented here, which do not indicate an association be¬ 
tween CXOU J085201.4-461753 and Vela Jr. 


The angular resolution of the present observations is 
insufficient to show whether Source 18 has an internal 
structure similar to the optical images. Higher resolution 
data could be obtained with the ATCA in an extended 
configuration and at a higher frequency. 

A by-product from this study is the discovery of 30 
new, uncatalogued unresolved sources, which may be use¬ 
ful for comparison with high energy searches. For almost 
half of these sources we were able to measure the flux den¬ 
sities at both frequencies, 1348 and 2368 MHz, and have 
computed spectral indices using the flux-flux method. The 
remaining sources were too weak at 13 cm to derive reli¬ 
able results. Among those sources for which spectral in¬ 
dices could be measured, six were found to be extragalac- 
tic and five are clearly thermal, including the previously 
known source PMN J0853-4620. The only one with a spec¬ 
tral index close to 0.6, typical of stars with mass outflows, 
is Source 18. 
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